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S1. Design parameters of the microneedle-assisted hepatic acinus chip
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Figure S1. Design parameters of the mHAC. (A) Schematic of the components o
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S2. Pictures of the mHAC
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Figure S2. Pictures of the mHAC. Subgraphs (A-E) show pictures of (A) Layer 3, (B)

Layer 2, (C) Layer 1, (D) SM 2 and (E) SM 1. Subgraph (F) shows the assembly of mHAC.
Subgraph (G) shows the ink-indicated flows in CV (green), PV (blue) and HA (red).
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S3. Design parameters of the microneedle array and its auxiliary mold
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Figure S3. Design parameters of the microneedle array and its auxiliary mold. Here,
a microneedle with a radius of 150 um is shown as an example. (A) Schematic of the
microneedle array. (B) Design parameters of the microneedle array. (C) Schematic of the
auxiliary mold. (D) Design parameters of the auxiliary mold.
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S4. Photograph of the assembled liver-acinus-chip culture system

Figure S4. Photograph of the assembled liver-acinus-chip culture system.
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S5. Flow simulation

In this study, the software COMSOL was used to simulate the flow in the cell
culture area. The assumptions for modeling are as follows: (1) the fluid is
incompressible; (2) the flow is laminar; (3) the basic properties of the culture
medium (density, viscosity, etc.) are the same as water at 37 °C; (4) both the
porous membrane and ECM are homogeneous porous media.
Following the above-mentioned assumptions, the free and porous media flow
module was used to calculate the flows in the regions of pores (sinusoids) and
tri-vascular pathways, in the porous membrane region, and in the region of the
cell-loaded ECM area '-5:
Region 1: Pore/PV/CV/HA
pVeu, =0
,0[(u1~Vu1 ):| =Vo[—pll + ,u(Vu1 +(Vu, )T )}

Region 2: Porous Membrane

pVeu, =0
(2)
g%{(uzov)z—j ZV{-pZI + 'Z—ZZ(VUZ +(Vu, )T )} —’Z—juz
Region 3: Cell-Load ECM
pVeu, =0
u (3)
g{(us.v)g—ﬂ =V{-p3l + ’Z—j(Vu3 +(Vu, )T )} —:—ju3

where, the subscripts 1 2 and 3 denote three regions, respectively; p is the
fluid density; u is the fluid viscosity; ¢ is the porosity; k is the Darcy permeability;
u is the fluid velocity vector; | is the unit tensor; p is the pressure; V is the del
operator; and the superscript T is the matrix transposition. The values of the
parameters are shown in Table S1.

Table S1. Parameters used in flow simulation

Parameters Values Units References
P 0.994 g/lcm? water at 37 °C
y78 0.695%x1073 Pa's water at 37 °C
y7A 0.695x103 Pa's water at 37 °C

7 4.3x103 Pa-s 6
&, 0.75 7
&, 0.74 8

k, 1.36x10° m2 9




63
64
65
66
67
68
69
70

71

72
73
74
75

76

77
78
79
80
81

k, 1.5x10°3 m?2 10
k. 3.3x1013 m?2 1

VIVO

Apviva 20 Pa 6

In the simulation, the inlet flow rates of HA, PV and CV were 1, 2 and 1 ml/min,
respectively and the outlet pressures of PV and HA were the same (the
difference between the PV/HA outlet pressure and the CV outlet pressure is
defined as Ap ). Simulations show that the Ap significantly affects the flow
rate (Figure S5). Thus, to obtain a physiological flow rate, it is necessary to
choose an appropriate Ap . Since the permeability of the ECM used and the
viscosity of the medium used in the experiments deviate from the values in
vivo, the Ap was adjusted according to Darcy’s law “:

Ap = MApviva (4)
kyu

3 vivo

k

vivo

where Ap and u,, are the pressure difference, tissue permeability

and fluid viscosity in vivo, respectively. Based on the above-mentioned
equation, the Ap is approximately 8 Pa. Under the condition, the flow rate in

the group with 150 of microneedles is close to the physiological flow rate '>17.

Free and porous media Region1 Region2 Region3

flow model Pore/PV/CV/HA Porous Membrane Cell-Load ECM
E F 0.3 pr————
E HA PV Inlet o I{r}gg:g
= oo ggoggnt E | -v-rezoum
o8 =0.1
Ea Bees's's's'n'nen %0
»  jcv Inlet ’

0 2 4 6 8 10
AP(Pa)

Figure S5. Flow simulation. Subgraphs (A-D) show (A) the entire simulation area, (B)
the pore/PV/CV/HA region, (C) the porous membrane region, and (D) the cell-load ECM
region, respectively. (E) Schematic of flow conditions. (F) The relation between the
pressure difference and the permeated flux. The gray area shows the physiological value
range %17,
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S6. Flow direction inside ECM
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Figure S6. Flow directions inside ECM. (A) Sinusoids formed with 0 ym of
microneedles. (B) Sinusoids formed 100 ym of microneedles. (C) Sinusoids formed 200
pm of microneedles. Concentrations of the dye in HA, PV and CV are depicted as the

absorbance OD values of the dye.
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89  S7. Daily metabolism
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91 Figure S7. Daily metabolism. Early Stage: from day 1 to day 4. Mid Stage: from day 5 to

92  day 9. Late Stage: from day 10 to day 14.
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S8. Cell viability and formed liver microstructure
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Figure S8. Cell viability and formed liver microstructure. Subgraphs show (A) cell
viability, (B) cell tight junctions, and (C) hepatocyte specific staining, bile duct staining. In
the figures, white arrows show cell clusters or cord-like structures and the yellow dashed
areas show sinusoid-like structures. Scale bar = 100 ym.
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S9. Scheme for concentration gradient reconstruction and chip

application
A HA:6.8mg/L HA:3.5mg/L
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Figure S9. Scheme for concentration gradient reconstruction and chip application.
Here, all results were detected after 7 days. (A) For the reconstruction of oxygen
gradients, in the experimental groups, the dissolved oxygen concentrations at HA and PV
were given after three days of culture, according to physiological conditions '8 while in the
control groups, the dissolved oxygen concentrations were the same as those in the
incubator. The metabolic capacities of ALB, BUN, TBA and CYP were detected after
seven days of culture, and hypoxia staining was performed. (B) For the reconstruction of
glucose gradients, in the experimental groups, the differentiated glucose concentrations at
HA (low) and PV (high) were given while in the control groups, the high glucose
concentration was given for both HA and PV. The metabolic capacities of ALB, BUN, TBA
and CYP were detected after seven days of culture. (C) For the drug testing application,
the experimental group was given the culture medium mixed with 1 mM APAP after 6 days
of culture, while the control group was given only the culture medium. Cell viability and
CYP metabolic capacities were tested after 24 hours.
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$10. Simulation of oxygen and glucose gradients

To simulate oxygen and glucose gradients in the mHAC, the following main
assumptions were used: (1) the effects of the cell metabolism on the
concentration fields were negligible; (2) the effects of the mass transfer
process on the flow fields were negligible. Then, the mass transfer of oxygen

or glucose can be described using the following convection-diffusion equation °:

u-Ve+V-(-DVe)=0 (5)

where c is the concentration, and D is the diffusion coefficient. In the
pore/PV/CV/HA regions, D is the free diffusion coefficient Do. In the porous
membrane and tissue regions, the diffusion coefficient can be calculated as

follows °:

D=Dy*/(2-¢) (6)

Here, the free diffusion coefficients of oxygen and glucose are 9.0x107'° m?/s
and 2.92x10"*m?/s, respectively 1516,

In the simulation, the software COMSOL was used and the main concentration
parameters at the inlets are shown in Table S2 (the flow parameters are the

same as the ones in S5).

Table S2. Parameters used in concentration simulation

Substances Inlets Values Units
PV 1.5 mg/L
Oxygen HA 3.5 mg/L
CV 6.8 mg/L

PV 1.0 g/L

Glucose HA 4.5 g/L

cV 1.0 gL

12
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Figure S$10. Simulated oxygen and glucose gradients. The concentration settings at
the inlets for (A) oxygen and (B) glucose are shown above the simulated results.
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141 8$11. Schematic of the multi-hepatic-acinus chip

142
143 Figure S11. Schematic of the multi-hepatic-acinus chip: assembled chip (A) and
144  decomposed chip (B).
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S$12. Design parameters of the oxygen concentration regulating chip
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Figure S12. Design parameters of the oxygen concentration regulating chip (ORC).
(A) Schematic of the components of ORC. (B-D) Design parameters of Layer 1, SM, and
Layer 2.
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151  S13. Dye absorbance standard curve
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153  Figure S13. Dye absorbance standard curve. (A) Dye absorption spectrum (the dye
154  has an absorption peak at 622 nm). (B) Standard curve of the dye absorbance at 622 nm.
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S$14. Scheme for morphological detection
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Figure S14. Scheme for microstructure detection. HHSEC and HepaRG cells were
directly seeded into the device for 7 days of culture, and then the device was
disassembled for staining. (A) For viability assays, live cells, dead cells and nuclei were
stained using Calcein-AM, Pl and Hoechst, respectively. (B) For cell tight junction
detection, intercellular tight junctions and nuclei were stained using ZO-1 and DAPI,
respectively. (C) For endothelial cell detection, HHSEC and nuclei were stained using
CD31 and DAPI, respectively. (D) For hepatocyte function, CYP1A2 and CYP3A4 were
stained. For bile canaliculi detection, HepaRG cells were stained with CDFDA. (E) For
prestaining experiments, HHSEC and HepaRG were pre-stained with Dil and DiO,
respectively and then seeded in the device; after 7 days of culture, the device was
disassembled for imaging.
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